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Description 

The present invention relates to a viral vector that is capable of expressing foreign genes, especially in 
chickens. In particular, this invention relates to the discovery of an insertion region of the DNA genome of Mar- 
5 ek's disease virus ("MDV") serotype 1 , into which can be inserted a heterologous nucleic acid sequence com- 
prising a foreign gene flanked by DNA sequences from said insertion region; a plasmid comprising said nucleic 
acid sequence; a vaccine comprising recombinant MDV; and antiserum containing anti-recombinant MDV an- 
tibodies. 

10 BACKGROUND OF THE INVENTION 

Marek's disease is a malignant, lymphomatous disorder of chickens caused by a herpesvirus, Marek's dis- 
ease virus. The virus infects chickens and results in the development of T- eel I lymphomas in a variety of tissues 
in the weeks following infection, which ultimately results in the death or condemnation of the infected chickens 

15 at processing. The disease is unique among herpesvirus-induced disorders in that it has been controlled in 
the poultry industry for twenty years by vaccination of all commercial broilers and broiler breeders in the United 
States and many parts of the world. 

MDV is a DNA virus having an envelope and is classified in the family Herpesviridae . It is further classified 
into the following three serotypes: 

20 Type I: virulent strains of MDV which are pathogenic and tumorigenic to chickens, and attenuated non- 
pathogenic strains derived therefrom. 
Type II: naturally occurring nonpathogenic strains of MDV; and 
Type III: herpesvirus of turkeys ("HvT") strains, which are nonpathogenic to chickens. 

The pathogenesis of MDV infection and the classical virology of MDV have been studied throughout the 

25 twentieth century. Progress on the molecular analysis of MDV has been made during the last decade. Impor- 
tant advances include cloning of the viral DNA molecule (Fukuchi et al., J. Virol. 51:102-109, 1984), the gen- 
eration of monoclonal antibodies against MDV; the identification of viral polypeptides; the generation of tran- 
scription maps (Schat et al, Int J. Cancer 44:1 01-109, 1989), and the identification of genes on the MDV gen- 
ome (Buckmaster et al, J. Gen. Virol. 69:2033-2042, 1 988). To date there has been virtually no genetic analysis 

30 of the virus, although one phosphonoacetate-resistant mutant of HVT has been reported. 

Marek's disease is of tremendous economic importance and effective Marek's disease vaccines are critical 
to the livelihood of the poultry industry. The most widely used vaccine is HVT, although currently in many re- 
gions chickens are vaccinated with a combination of MDV vaccine strains. The existing Marek's disease vac- 
cines are unlikely to remain adequate in the future and the development of recombinant Marek's disease vac- 

35 cines continues to be an important challenge to researchers in the field. Because existing Marek's disease 
vaccines have already been used for twenty years in the poultry industry as live herpesvirus vaccines, they 
are currently being researched as potential herpesvirus vectors suitable for poultry. 

Virus vectors have been reported using, for example, vaccinia, papillomavirus, baculovirus, parvovirus 
and tobacco mosaic virus. All have been reported as a cloning vector or an expression vector for a foreign gene. 

40 MDV has also been reported as an expression vector for a foreign gene, as described by T. Ishikawa et al. in 
European Patent Application 0 334 530. This application describes inserting a foreign gene, such as the gene 
coding for hemagglutinin and neuraminidase of Newcastle disease virus ( n NDV") into the gene encoding the 
A antigen site (gp 57-65 gene) of HVT. The recombinant HVT is used to produce a vaccine to both NDV and 
MDV. 

45 In WO 88/07088, S. Martin et al. describe the method of inserting a foreign gene into a nonessential region 

of HVT and infecting the bird with the viral vector which will ultimately produce an immunogenic reaction to 
both the foreign gene product and the HVT. In particular, HVT is the only avian herpesvirus taught as a viral 
vector, and the nonessential regions used encode for t hymidine kinase and for 1-p-D-arabinofuranosyl-thymine 
resistance. 

so Cochran et al., in PCT application WO 89/0140, describe insertion of foreign DNA into attenuated herpes- 
virus vectors. They describe a recombinant fusion protein comprising an antigenic amino acid sequence fused 
to a portion of the gpX glycoprotein from pseudorabies virus. A cDNA copy of the large segment of RNA of 
infectious bursal disease virus ("IBDV"), which encodes three polypeptides, namely VP2, VP4 and VP3, and 
the E. coli p-galactosidase gene were inserted into a nonessential site within the unique long region of the 

55 HVT genome. This recombinant virus was used as a vaccine to IBDV. MDV A antigen gene (gp 57-65) was 
inserted into the same site of HVT in order to produce an improved vaccine against MDV. 

For Herpes simplex virus, a method of rapid identification of non-essential genes by means of Transposon 
Mutagenesis has been described by Weber et al (Science 236: 576-579). This method is based on the fact 
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that insertion of a foreign (e.g. transposon-) DNA into a gene inactivates this gene. If a transposon is inserted 
in a normally expressed gene, (the insertion manifesting itself by the fact that the normally found correspond- 
ing gene product can no longer be detected), while the virus is still viable, the gene is said to be non-essential. 
5 Of twelve open reading frames, mutagenised with Tn5, mutant derivatives of US2, US4 and US5 were dem- 
onstrated to be non-essential for HSV-1 replication in Vera cells. 

This method is useful once genes with unknown functions have been identified. 

Although genetic analysis of some herpesvirus, including herpes simplex virus and pseudorabies, has 
been done, the genetic structure of the DNA genome of MDV serotype 1 ("MDV-1 ") is not well known. 
10 Current vaccines against the various poultry diseases are often produced through the use of live, attenu- 
ated pathogens, which pose a risk of inoculating animals with inadequately attenuated pathogenic microor- 
ganisms. 

Inactivated vaccines generally induce only a low level of immunity requiring additional immunizations. Fur- 
thermore, the neutralization-inducing antigenic determinants of the viruses may become altered by the inao 
15 tivation treatment, decreasing the protective potency of the vaccine. 

When more than one attenuated, live pathogen is combined in a vaccine, another problem may arise. The 
mutual influence of the antigenic components may result in a decrease in the immunogenicity of one or more 
of the constituent antigens. 

In order to produce a potent vaccine to Marek's disease and at least one other avian disease, through the 
20 use of an MDV vector wherein the DNA genome of the MDV contains a foreign gene that encodes an antigen 
from another avian disease causing agent, a nonessential region of the MDV genome must be found and used 
as an insertion region. Once the foreign gene is inserted into the insertion region, the corresponding gene 
product must be expressed. The MDV vector will, once given to chickens, elicit an immune response to both 
MDV and the foreign gene product, such as a protein, preferably with a greater potency than that exhibited 
25 by a combined vaccine. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a restriction map of the open reading frame found in the terminal 4.3 kb EcoRI-BamHI sub- 
30 fragment of BamHI-A in the unique short region of the DNA genome of MDV-1. 
Figure 2 shows the DNA sequence of the MDV-1 insertion-region. 

Figure 3 shows plasmid pMD100 containing the terminal 4.3 kb EcoRI-BamHI subfragment of BamHI-A 
cloned into the plasmid vector pUC19. 

Figure 4 shows the cassette containing the lacZ gene, which encodes p-galactosidase, expressed from 
35 the SV40 early promoter. 

Figure 5 shows plasmids pMT1 A and pMT1 B containing the lacZ gene expressed from the SV40 early pro- 
moter inserted into the Bglll site lying within the 4.3 kb EcoRI-BamHI subfragment of BamHI-A. 

Figure 6 shows a Southern blot analysis of the DNA from the GA parent and GAIac recombinant MDV-1 
isolates indicating that the recombination event was site-specific. 
40 Figure 7 shows the growth curves of parental and recombinant MDV-1 isolates at 37°C. 

Figure 8 shows the growth curves of parental and recombinant MDV-1 isolates at 41 °C. 

SUMMARY OF THE INVENTION 

45 The present invention is the discovery of a previously unknown, nonessential insertion region on the DNA 
genome of MDV-1 . This region comprises an open reading frame in the terminal 4.3 kb EcoRI-BamHI subfrag- 
ment of BamHI-A in the unique short region of the genome. BamHI-A is the largest of 29 BamHI fragments 
obtained upon complete digestion of the MDV-1 genome with BamHI and BamHI-A maps to the unique short 
region of the genome. The region is defined by the restriction map shown in Fig. 1. This region comprises es- 

so sentialy the DNA sequence from nucleotide position 238 to 1050, as seen in Fig. 2. Additionally included in 
this invention is a plasmid comprising this insertion region. 

Also included in the present invention is the recombinant MDV-1 containing a foreign gene, preferably one 
encoding an immunogen of another poultry disease causing agent. This recombinant virus can be used in a 
vaccine to protect healthy animals by eliciting an immune response to both MDV and the disease causing agent 

55 whose foreign gene was inserted into the MDV-1 genome. 

It is well known that animals already infected with a specific pathogen can be treated with antiserum to 
that pathogen. In the present invention, the antibodies are evoked by a recombinant MDV-1 comprising a het- 
erologous gene encoding an antigenic polypeptide derived from the specific pathogen. Antiserum directed 
against a recombinant MDV-1 according to the invention can be prepared by immunizing animals, for example 
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poultry, with an effective amount of said recombinant MDV-1 in order to elicit an appropriate immune response. 
Thereafter the animals are bled and the antiserum can be prepared according to standard procedures. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The prerequisite for a useful recombinant MDV-1 is that the heterologous nucleic acid sequence is incor- 
porated in a nonessential position or region of the MDV-1 genome, i.e., a position or region which can be used 
for such incorporation without disrupting essential functions of the virus, such as those necessary for infection 

10 or replication. Such a region is called an insertion-region. The insertion-region of the present invention has 
not been previously described for the incorporation of heterologous DNA. Moreover, no information has been 
available with regard to the restriction enzyme map of the genomic region of MDV-1 used to incorporate a het- 
erologous DNA sequence as described herein. 

The preferred insertion-region, defined as the DNA sequence from nucleotide position 238 to 1050 in Fig. 

15 2, used to incorporate a heterologous DNA sequence in order to prepare a recombinant MDV according to the 
invention is located in the unique short region of the genome. The insertion-region lies within the 4.3kb EcoRI- 
BamHI subfragment of BamHI-A as shown in the restriction enzyme map of the genomic region containing the 
open reading frame in Fig. 1. Specifically, the insertion-region contains a Bglll site within the 4.3 kb EcoRI- 
BamHI subfragment of BamHI-A, as shown in the restriction enzyme map of the genomic region containing 

20 the open reading frame in Fig. 1. 

DNA sequences corresponding to the nonessential insertion-region outlined above can be used for the 
insertion of genes into the MDV-1 genome. 

It will be understood that for the DNA sequence of the MDV-1 genome, natural variations can exist among 
strains. These variations may result in deletions, substitutions, insertions, inversions or additions of one or more 

25 nucleotides which possibly influence the position of one or more restriction sites, thus producing a restriction 
enzyme map related to the map shown in Fig. 1. 

Moreover, the potential also exists to use genetic engineering technology to bring about above-mentioned 
variations, resulting in a DNA sequence with a restriction enzyme map related to the map shown in Fig. 1. It 
is intended that a recombinant MDV-1 comprising a heterologous gene incorporated into an insertion-region 

30 located within a MDV-1 genomic region characterized by any such related restriction enzyme map is also in- 
cluded within the scope of the present invention. Furthermore, as the insertion-region identified according to 
the present invention does not display essential functions, said region can be deleted partially or completely, 
whereafter a heterologous gene can be incorporated into said region. It is understood that a recombinant MDV- 
1 comprising a heterologous gene incorporated into a region of the MDV-1 genome corresponding to the in- 

35 sertion-region of the present invention, ora portion of this insertion-region, and characterized herein also forms 
part of the invention. 

In summary, the insertion-region essentially defined above characterizes the localization of a region within 
the MDV genome which can be used to incorporate a heterologous nucleic acid sequence. 

The DNA sequence of the insertion-region is shown in Fig. 2 as comprising the DNA sequence from the 

ao nucleotide position 238 to 1050. In characterizing the insertion-region of the present invention, it is important 
to note that natural variations may exist between MDV-1 viruses resulting in deletions, substitutions, insertions, 
inversions, etc. of one or more nucleotides. These variations can also be brought about by genetic engineering. 
Recombinant MDV-1 comprising a heterologous gene incorporated into such a related but not identical region 
of the MDV-1 genome also is included within the present invention. For example, a heterologous gene can be 

45 incorporated into a MDV-1 strain containing a deletion in the nucleic acid sequence of the MDV-1 genome 
shown in Fig. 2. The MDV-1 insertion-region defined herein by the DNA sequence shown in Fig. 2 characterizes 
the localization of a region within the MDV-1 genome which can be used to incorporate a heterologous nucleic 
acid sequence. 

The heterologous nucleic acid sequence to be incorporated into the MDV-1 genome according to the pres- 
50 ent invention can be derived from any source, e.g. viral, procaryotic, eucaryotic or synthetic. Said nucleic acid 
sequence can be derived from a pathogen, preferably an avian pathogen, which after insertion into the MDV- 
1 genome can be applied to induce immunity against disease. Nucleic acid sequences derived from Infectious 
Bronchitis Virus ("IBV"), MDV, NDV, IBDV, Chicken Anemia Agent ("CAA"), Reovirus, Avian Retrovirus, Fowl 
Adenovirus, Turkey Rhinotracheitis Virus, Infectious Laryngotracheitis Virus, Eimeria species, Salmonella 
55 species, Escherichia coli and Mycoplasma gallisepticum are contemplated for incorporation into the insertion- 
region of the MDV-1 genome. Furthermore, nucleic acid sequences encoding polypeptides for pharmaceutical 
or diagnostic applications, in particular, immune modulators such as lymphokines, interferons or cytokines may 
be incorporated into said insertion-region. 

Expression of such heterologous nucleic acid sequences requires that the sequence be linked to an ade- 
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quate and functional promotor. Such a promotor can be any procaryotic, eucaryotic, viral or synthetic promoter 
which can direct gene expression in cells infected with MDV-1. 

The recombinant MDV-1 can be prepared by a method consisting of the following steps: 
5 obtaining a first vector which contains the 4.3 kb BamHI-EcoRI subfragment of the Bam HI- A restriction 

fragment of the MDV-1 genome cloned into a suitable vehicle; 

inserting at least one foreign gene sequence in the MDV-1 DNA fragment of the first vector to form a 
second vector; 

co-transfecting cells with DNA from the second vector and DNA from a MDV-1; 

10 incubating the co-transfected cells for a time sufficient for homologous recombination to occur between 

the DNA fragment of the second vector containing the MDV-1 DNA interrupted by the foreign gene and the 
genomic DNA of the attenuated MDV-1 having a homologous or similar nucleotide sequence to the MDV-1 DNA 
fragment of the second vector; and 

isolating from the transfected cells a recombinant virus comprising an attenuated MDV-1 and a foreign 

15 gene inserted therein. 

In the first step, the 4.3 kb BamHI-EcoRI subfragment of the BamHI-A restriction fragment of the MDV-1 
genome is ligated to a suitable vector to form a first vector. The vector may be derived from any suitable plasmid, 
cosmid, or bacteriophage, with plasmids being preferred. The most preferred plasmid is the pMD100 plasmid. 
The 4.3 kb BamHI-EcoRI subfragment of the BamHI-A restriction fragment is isolated by digesting a clone con- 

20 taining the 23 kb BamHI-A fragment of MDV-1 with BamHI and EcoRI according to customary procedures. 

A clone containing the 23 kb BamHI-A fragment of MDV-1 can be isolated, if necessary, from a genomic 
library of MDV-1. A genomic library of the virus can be prepared by culturing MDV-1 in a host cell culture, such 
as an avian cell culture, according to customary procedures and isolating viral DNA from MDV-1 infected host 
cell culture also according to customary procedures. For example, MDV-1 is inoculated onto chicken embryo 

25 fibroblast cells and cultured to obtain virus-infected cells. The virus-infected cells are harvested, washed with 
buffer, centrifuged, and resuspended in Tris-hydrochloride and EDTAat a density of 1 to 5 x 10 s cells per ml. 
Sodium dodecyl sulfate ("SDS") is added to a final concentration of 0.5% and proteinase K is added to a final 
concentration of 200 fig/ml. After incubation, additional proteinase K is added and incubation continued for 1 
hour. The solution is extracted twice with a mixture of phenol-chloroform (1:1) and nucleic acids are ethanol 

30 precipitated according to customary procedures. Total DNA from infected cells is recovered by centrifugation 
and dissolved in 10 mM Tris-hydrochloride (pH 7.5) and 1 mM EDTA, (TE B ). The DNA is incubated with a re- 
striction enzyme, such as Sau3A, according to the conditions recommended by the enzyme supplier. Reaction 
products are separated on an agarose gel and the size fraction between 16 and 20 kb is isolated. One hundred 
nanograms of these DNA fragments are ligated with suitable vector DNA digested with the appropriate restric- 

35 tion enzymes according to customary procedures. A suitable vector, for example, would be BamHI-EcoRI di- 
gested lambdaEMBL3 DNA. After ligation, the reaction mixture is packaged in vitro using commercial extracts. 
Recombinant bacteriophage are plated on an appropriate 

E. coli host strain such as LE392 or K802 at a density of about 1 00 PFU/plate. Replicas of the dishes are pre- 
pared in duplicate using nitrocellulose filters according to customary procedures. The first set of filters is hy- 
40 bridized according to customary procedures with radioactively labelled DNA from uninfected cells and the sec- 
ond set of filters is hybridized with radioactively labelled DNA from MDV-1 infected cells. After washing and 
exposure to X-ray film, images of the duplicate filters are superimposed in the correct orientation and several 
of the plaques giving a signal specif ically with the probe madefrom MDV-1 infected cells are isolated and bac- 
teriophages from them are amplified. These bacteriophage clones are analyzed in detail by restriction mapping 
45 of the insert to find a clone having a restriction enzyme recognition pattern indicating that it contains the 
BamHI-A fragment of the MDV-1 genome. 

As outlined above, the 4.3 kb BamHI-EcoRI subfragment of the BamHI-A restriction fragment of the MDV- 
1 genome is isolated by digesting a genomic clone containing BamHI-A with BamHI and EcoRI restriction en- 
zymes according to customary procedures. The digestion fragments are separated by electrophoresis on a low- 
so melting point agarose gel and the 4.3 kb EcoRI-BamHI subfragment isolated and purified by standard proce- 
dures including, for example, phenol extraction and ethanol precipitation. The purified 4.3 kb EcoRI-BamHI 
subfragment is ligated to a suitable vector according to customary procedures using DNA ligase to generate 
a first vector. A preferred vector is the plasmid pUC18 or pUC19 which may be obtained from Life Technologies, 
Inc., RO. Box 6009, Gaithersburg, MD 20877. The ligation products are transformed into appropriate host cells. 
55 DNA from the transformants is purified and analyzed by customary procedures to ensure the correct first vector 
is obtained. The first vector contains a Bglll restriction enzyme recognition site within the 4.3 kb EcoRI-BamHI 
subfragment. A preferred first vector is the plasmid pMD100, as seen in Fig. 3. 

In the next step, at least one foreign gene sequence is inserted in the MDV-1 DNA fragment of the first 
vector to form a second vector. 
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Any foreign gene may be used for insertion into the Bglll site of the first vector. The foreign gene used for 
inserting in the first vector may be prepared from an organism heterologous to the MDV-1. When the foreign 
genome is comprised of RNA, it is necessary to prepare DNA complementary to the genome by a customary 
5 method using a commercially available reverse transcriptase. For the proper insertion of the foreign gene in 
the first vector, it is preferred to prepare the restriction map of the foreign gene and determine the nucleotide 
sequence of the foreign gene. The preparation of the restriction map and determination of the nucleotide se- 
quence can be conducted using customary procedures. 

For expressing the foreign gene, it is necessary that an adequate and functional promoter be linked to the 
10 foreign gene. The promoter can be any eucaryotic, procaryotic, or viral promoter capable of directing gene tran- 
scription cells infected with the recombinant MDV-1. Examples include promoters derived from the retroviral 
long terminal repeat, SV40 promoters, or promoters present in the genomes of MDV or HVT. 

The insertion of the foreign gene in the first vector may be conducted by customary procedures. The first 
vector is cleaved at the Bglll site which lies within the 4.3 kb EcoRI-BamHI subfragment of the BamHI-A re- 
ts striction fragment of the MDV-1 genome. The foreign gene is ligated in the Bglll site using DNAIigase and cus- 
tomary procedures to form a second vector. The ligation products are transformed into appropriate host cells. 
Transformants are purified and analyzed by customary procedures to ensure that the correct second vector 
is obtained. Plasmid DNA from the second vector is prepared and banded twice by cesium chloride equilibrium 
centrifugation using customary procedures. 
20 In the third step, cells are co-transfected with DNA from the second vector obtained as outlined above and 
with DNA from a MDV-1 strain. It should also be possible to transfect cells infected with MDV-1 with DNA from 
the second vector. 

DNA from a MDV-1 is obtained by infecting secondary chicken embryo fibroblasts cultures with an appro- 
priate attenuated MDV-1 and incubating the cultures until extensive cytopathic effects are evident, according 

25 to customary procedures. Total cellular DNA is purified by incubating the MDV-1 infected cells in digestion sol- 
ution containing 0.2 mg/ml proteinase K, 0.5% SDS, 100 mM sodium chloride, 10 mM Tris-hydrochloride (pH 
8), and 1 mM EDTAfor 4 hours. The solution is extracted once with phenol and twice with chloroform-isoamyl 
alcohol (24:1). The DNA is precipitated by the addition of 2 volumes of absolute ethanol, recovered by centri- 
fugation, dissolved in TE, and quantitated by extinction at 260 nm. DNA prepared in this manner is hereinafter 

30 referred to as "MDV DNA". MDV DNA can be prepared from cultures infected with any suitable MDV-1. 

Co-transfection of DNA from the second vector with MDV DNA is done according to customary procedures 
for calcium phosphate-mediated transfection (F.L Graham et al., Virology 52:456-467, 1977; and N.D. Stow 
et al., J. Gen. Virol. 33:447-458, 1976) with the following modifications. Primary chicken embryo fibroblasts 
are prepared from ten day old chicken embryos obtained from specific-pathogen-free eggs. One day later, sec- 

35 ondary chicken embryo fibroblasts are prepared from the primary cultures. While the secondary chicken em- 
bryo fibroblasts are being prepared, calcium phosphate/DNA precipitates are made, the tubes are allowed to 
sit until a fine precipitate is visible, and the contents are then split equally between two dishes of freshly plated 
cells. Following incubation, the cultures are rinsed in maintenance medium lacking serum, treated for 3 minutes 
with 15% glycerol in 1 x HBSP (.75mM Na 2 HP0 4 7H 2 O, 5mM KCI, 140mM NaCI, 6mM glucose, 25mM HEPES, 

40 pH 7), rinsed, and fed with complete maintenance medium. 

In the fourth step, the co-transfected cells are incubated for a time sufficient for homologous recombination 
to occur between the DNA fragment of the second vector containing the DNA fragment of the MDV-1 genome 
together with the foreign gene, and a portion of the DNA of the attenuated MDV-1 having a homologous or 
similar nucleotide sequence to the MDV-1 DNA fragment in the second vector. 

45 Finally, a recombinant virus comprising an attenuated MDV-1 and a foreign gene inserted therein is iso- 
lated from the cultured transfected cells and recombinants containing other foreign genes may be identified 
by several methods including hybridization with an appropriate probe, reactivity with a specific antibody, and 
loss or gain of a relevant enzyme activity. 

For example, to identify a recombinant virus using hybridization, the maintenance medium from the cul- 

so tures is discarded and fresh maintenance medium containing agarose is overlaid on the cells. Cultures are in- 
cubated for 1 to 3 days until plaques begin to form. A portion of each plaque is collected together with a portion 
of agarose gel and transferred onto a commercially available membrane filter. The filter is subjected to dena- 
turation and neutralization and the DNA from each plaque is immobilized on the filter according to customary 
procedures. The resultant filter is subjected to plaque hybridization according to customary procedures using 

55 a radioactively labelled probe consisting of the foreign gene. Plaques which hybridize to the probe are regarded 
as positive. The recombinant plaques corresponding to the positive hybridization signals are isolated from the 
agarose overlay on the tissue culture dish and propagated according to customary procedures for MDV-1. 

Other methods may be used to detect the presence of a foreign gene in the transfectants. For example, 
the tissue culture dishes containing recombinant MDV-1 plaques may be stained using antibody specific for 
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the foreign gene product Plaques which contain recombinant MDV-1 producing the foreign gene product will 
be specifically recognized by the antibody. 

The recombinant MDV-1 is propagated in cultured cells as outlined above. Total DNA is isolated from re- 
5 combinant MDV-1 infected cells and subject to Southern blot analysis using customary procedures to ensure 
that the foreign gene has been inserted in the targeted site; namely, the 4.3 kb EcoRI-BamHI subfragment of 
BamHI-A. 

A live, recombinant MDV-1 expressing one or more different heterologous polypeptides of avian pathogens 
can be used to vaccinate animals, particularly avian species such as chickens and turkeys susceptible to these 
10 pathogens. Vaccination with a live vector vaccine prepared from the recombinant MDV-1 as described herein 
is preferably followed by replication of the recombinant MDV-1 which expresses in vivo the heterologous poly- 
peptide and the MDV-1 polypeptides, in the inoculated host. If a protective immune response is elicited, the 
animal so inoculated will then be protected from subsequent infection by those pathogens. 

A recombinant MDV-1 of the present invention containing and expressing one or more different heterolo- 
15 gous polypeptides can serve as a monovalent or multivalent vaccine. Such a MDV-1 can also be used to pre- 
pare an inactivated vaccine. These vaccines can be prepared by methods well known to those skilled in the 
art of the preparation of vaccines. 

The examples are given to further explain, but not limit, the invention. 

20 Example 1 - Materials 

The GA strain of MDV-1 was obtained from M. Nonoyama, Showa Research Institute for Biomedicine, St. 
Petersburg, Florida. This strain was used to make the BamHI plasmid library of MDV-1 (Fukuchi et al„ 1984). 
The strain was passaged in secondary chicken embryo fibroblasts ("CEF") until approximately passage level 
25 75 was obtained. 

Example 2 - Plasmid construction 

Cloning procedures were done using standard methods. Restriction enzyme digestions were done accord- 
30 ing to the recommendations of the manufacturers. Plasmid pMD100 contains the terminal 4.3 kb EcoRI-BamHI 
subfragment of BamHI-A cloned into the plasmid vector pUC19 as seen in Fig. 3. The 4.3 kb EcoRI-BamHI 
subfragment lies entirely within the unique short region of the genome. A lacZ cassette was obtained from In- 
tervet International, Boxmeer, The Netherlands. The cassette was constructed by removing the lacZ gene from 
the eukaryotic assay vector pCH110 (Pharmacia, Inc., Piscataway, NJ) and modifying the gene as follows: 
35 the 72 base pair Sph1 fragment near the SV40 origin of replication was replaced with a double stranded syn- 
thetic oligonucleotide having the following structure: 

5' - GGATCCGTCGACCATG - 3 1 

40 

3' - GTACCCTAGGCAGCTG - 5* 

Insertion of the linker between the two Sph1 restriction sites of pCH110 did not restore the recognition se- 
45 quence for Sph1 on either site and created both a BamHI and a Sail site upstream of the SV40 early promoter. 
Subsequent digestion of this construct with BamHI generated a 4.0 kb expression cassette. The lacZ gene is 
4056 bp in length and is under control of the SV40 early promoter, as seen in Fig. 4. 

To insert the lacZ cassette into pMD100, one microgram of pMD100 was digested with Bglll (Bethesda 
Research Laboratories [BRL], Gaithersburg, MD). Approximately one unit of calf intestinal alkaline phospha- 
so tase (Boehringer Mannheim, Indianapolis, IN) was added and the incubation continued for 30 minutes. The 
reaction conditions were adjusted to 20 mM Tris-hydrochloride (pH 7.4), 5 mM EDTA, 0.5% sodium dodecyl 
sulfate (SDS), and 100 ng/ml proteinase K (BRL) and the incubation continued for an additional hour. The re- 
action was extracted once with phenol, sodium acetate was added to a final concentration of 0.1 M, and two 
volumes of absolute ethanol were added. The DNA was collected by centrrfugation for 15 minutes at top speed 
55 in a microfuge. The DNA pellet was dissolved in 20 pJ of 1 0 mM Tris-hydrochloride (pH 7.4), 1 mM EDTA (TE). 
The modified lacZ gene was inserted into the Bglll site of pMD100 by the following ligation reaction. Fifty 
nanograms of Bglll-digested pMD100 and 10 ng of the lacZ cassette were incubated overnight at 4°C with 2 
units of T4 DNA ligase (BRL) in a total volume of 10 (J of ligation buffer consisting of 66 mM Tris-hydrochloride 
(pH 7.6), 6 mM MgCI 2 , and 1 mM ATP. The ligation reaction was diluted in TE to a concentration of 1 ng vector 
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per and 2 \x\ of the diluted reaction was used to transform DH5a competent cells. Plasmid DNAwas purified 
from individual colonies and analyzed for the presence of lacZ sequences. The lacZ-containing pMD100 was 
designated pMT1 A, as shown in Fig. 5. Asecond plasmid, pMT1 B, also in Fig. 5, was constructed which differs 
5 from pMT1 A in the orientation of the lacZ cassette. Plasmid DNAs were prepared by standard procedures and 
banded twice by cesium chloride equilibrium centrifugation. 

Example 3 - MDV DNA Preparation 

10 Total DNA from MDV-infected CEF was prepared as described above. Briefly, secondary CEF growing in 
75 cm 2 flasks (1.6 x 10 7 cells plated/flask) were infected with cell-associated virus (10 6 PFU/flask) and incu- 
bated for six days. DNAwas purified by incubating the cells in digestion solution containing 0.2 mg/ml protei- 
nase K (BRL), 0.5% SDS, 100 mM NaCI, 10 mM Tris-hydrochloride (pH 8), and 1 mM EDTAfor 4 hours. The 
solution was extracted once with phenol and twice with chloroform-isoamyt alcohol (24:1). The DNA was pre- 

15 cipitated by the addition of 2 volumes of absolute ethanol, recovered by centrifugation, dissolved in TE, and 
quantitated by extinction at 260 nm. DNA prepared in this manner will be referred to as MDV DNA. 

Example 4 - Transfections 

20 A dose response for plaque formation by MDV DNA was determined for each MDV DNA preparation and 
an amount of MDV DNA giving maximum plaque yields was used for co-transfecttons. Prior to transfection, 4 
to 8 ng of MDV DNA and 0.5 fig plasmid DNA were ethanol precipitated, recovered by centrifugation, and dis- 
solved in 50 jjtl TE. 

Primary chicken embryo fibroblasts were prepared from 10 day old chicken embryos obtained from spe- 
25 erf ic-pathogen-free eggs. The cells were suspended at a concentration of 8 x 1 0 s cells/ml and plated at a density 
of 1 .6 x 1 0 7 cells/75 cm 2 flask (20 ml/flask). One day later, primary cultures were washed once in maintenance 
medium lacking serum and removed from flasks by exposure to 0.05% trypsin. The trypsin was inactivated by 
the addition of approximately 0.5 ml of calf serum and the cells were centrifuged at 2500 rpm for 1 0 minutes, 
resuspended in 1.5 times the original volume and plated as primary cultures with a concentration of approxi- 
30 mately 8 x 1 0 5 cells/ml, and filtered twice through cheesecloth. The cells were plated in 60 mm gridded tissue 
culture dishes at a density of 4 x 10 6 cells/dish (5 ml/dish) immediately before adding the calcium phos- 
phate/DNA precipitates. 

While the secondary chicken embryo fibroblasts were being prepared, the calcium phosphate/DNA pre- 
cipitates were made by the successive addition of the following reagents to 15 ml polystyrene tubes: 388 mi- 

35 croliters water, 50 microliters of the DNA in TE, and 62 microliters of 2 M calcium chloride. Exactly 500 micro- 
liters of 2x HBSP (2x HBSP = 1.5mM Na 2 HP0 4 -7H 2 0, 10mM KCI, 280mM NaCI, 12mM glucose, 50mM HEPES, 
pH 7) was slowly added and the contents of the tube were mixed by gently blowing 5-6 bubbles from the tip 
of a pipet into the solution. The tubes were allowed to sit for 30 minutes at ambient temperature until a fine 
precipitate was visible, gently mixed, and split equally between two dishes of freshly plated cells. Following a 

40 4 hour incubation at 37°C, the cultures were carefully rinsed in maintenance medium without serum, treated 
for 3 minutes with 1 5% glycerol in 1X HBSP (1 .5 ml/dish), rinsed, and fed with complete maintenance medium. 

Plaques were counted six days later. The frequency of plaque formation for t he co-transfection experiments 
varied depending on the MDV DNA preparation used, as shown in Table 1 . 

45 


50 


55 
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The number of plaques obtained after three transfection experiments averaged 296 ± 96 and ranged from 
116 to 411 plaques per precipitate. Thus, for optimum co-transfections, each MDV DNA preparation should be 
characterized in terms of its transfection efficiency. 

Example 5 - Detection and Isolation of Stable GAIac Recombinants 


Recombinants containing the lacZ gene of E. coli were identified as follows. Seven days after the trans- 
fection, the tissue culture medium was reduced to 2 mis and 20 uJ of a Bluo-gal (BRL) solution (20 mg/ml, freshly 

45 prepared in dimethyl sulfoxide) was added to the dishes, resulting in a final Bluo-gal concentration of 0.2 mg/ml. 
The dishes were incubated in the tissue culture incubator for 1-2 hours. Blue plaques were picked as they ap- 
peared and suspended in 0.05% trypsin to disaggregate the cells. After 5 minutes, 1-2 drops of calf serum 
were added to inactivate the trypsin, and the isolated plaques were titered on freshly plated secondary CEF. 
Seven days later, the dishes were stained and blue plaques were picked and replated. 

so upon staining, 0.3-1.0% of the plaques counted were positive for p-galactosidase activity, as shown in Ta- 
ble 1 above. Each positive plaque was subjected to approximately four cycles of picking and staining in order 
to obtain a stable, plaque-purified isolate. Stable, plaque-purified isolates were obtained for 18% of the blue 
plaques initially picked, and thus, stable recombinant isolates were derived from approximately 0.1% of the 
original plaques present on the transfection dishes. Once a stable recombinant was isolated, plaques derived 

55 from it remained 100% p-galactosidase-positive after either passage of the virus in cell culture or re-transfec- 
tion of the viral DNA into secondary CEF. A total of four recombinant viruses expressing lacZ were isolated. 
These isolates were designated GAIad , GAIac2, GAlac3, and GAIac4. Three of the isolates (GAIad , GAIac2, 
and GAIac3) were made using pMT1B and one (GAIac4) was made using pMTIA. 
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Example 6 - Analysis of GAIac Recombinant DNA 

Secondary CEF growing in 75cm 2 flasks were infected with purified GAIac recombinants to yield approx- 
5 imately 10,000 plaques/Flask. Total DNA from cultures infected with recombinant virus was purified as descri- 
bed above. Southern blots were prepared using standard procedures and probed with either the 4.3 kb insert 
from pMD100, a 2.5 kb Pvull fragment of pCH110 containing the 5* end of the lacZ gene, or pBR322 as shown 
in Fig. 6. Probes were radiolabeled with 32 P-deoxynudeotides using a random primed DNA synthesis kit (Boeh- 
ringer Mannheim, Indianapolis, IN). DNA-DNA hybridizations were done at 42°C for 16 hours in 50% forma- 
10 mide, 10 mM Tris- hydrochloride (pH 7.5), 0.1% SDS, 100 ug/ml denatured salmon sperm DNA, 5x Denhardt's 
solution contained 0.1% Ficoll 400 (Sigma Chemical Company, St. Louis, MO USA), 0.1% polyvinylpyrrolidone, 
and 6x SSC (1x SSC contains 0.15 M sodium chloride and 0.015 M sodium citrate [pH 7]). Hybridized nitrocel- 
lulose filters were washed 4 times for 30 minutes each at 65°C in wash solution consisting of 0.1x SSC and 
0.1% SDS. 

15 DNA sequencing of RNA-free plasmids was done using the dideoxy sequencing method and Sequenase 
I (United States Biochemical Corporation, Cleveland, Ohio). Sequences were analyzed using the commercial 
software package "Microgenie" (Beckman Instruments, Inc., Palo Alto, CA). 

Example 7 - Southern Analysis on GAIac Recombinants 

20 

To examine whetherthe recombination occurred in a site-specific manner within the 4.3 kb EcoRI-BamHI 
subfragment of BamHI-A, DNA from the recombinant viruses was subjected to Southern blot analysis, as seen 
in Fig. 6. In Panel A, the blots were probed with the 4.3 kb EcoRI-BamHI subfragment of BamHI-A which was 
obtained from pMD100. In Panel B, the probe used was the 2.5 kb Pvull fragment lying within the lacZ gene. 

25 For each sample, 10 ug DNA was digested with BamHI or with a combination of BamHI and EcoRI. Lanes 1 , 
6, 13 - CEF DNA cut with BamHI; lanes 2, 7, 14 - DNA from CEF infected with the parent GA strain cut with 
BamHI; lanes 3, 8, 15 - DNA from CEF infected with the parent GA strain cut with BamHI and EcoRI; lanes 4, 
9, 11,16- DNA from CEF infected with GAIad, 2, 3, or 4, respectively, cut with BamHI; lanes 5, 10, 12, 17 - 
DNA from CEF infected with GAIad, 2, 3, or 4, respectively, cut with BamHI or EcoRI. In all cases, recombin- 

30 ation occurred at the targeted site. The 4.3 kb insert of pMD 100 hybridized to a 4.6 and a 3.8 kb EcoRI-BamHI 
band of GAIad, GAIac2 and GAIac3, indicating that the parental 4.3 kb band was modified by the addition of 
4 kb of DNA containing one EcoRI site. The lacZ probe hybridized to a 4.6 kb band in these recombinants, 
indicating that the 4.6 kb band contained lacZ sequences. The 3.8 kb band was not detected by the lacZ probe 
because the 2.5 kb Pvull probe used was homologous to the 5' end of the lacZ gene and did not extend beyond 

35 the EcoRI site within the lacZ gene. Hybridization of the same probes to GAIac4 indicated that the recombin- 
ation event occurred similarly; however, the lacZ gene was positioned in the opposite orientation in the virus 
(Fig. 6). 

Recombination of lacZ into the MDV genome could have occurred in two ways. Adouble crossover event, 
involving both flanks of the lacZ gene in pMD100 would have resulted in replacement of the 4.3 kb EcoRI- 

40 BamHI subfragment of BamHI-A with the lacZ-containing derivative. Single crossover events in either of the 
flanks of the lacZ gene would have resulted in a derivative virus containing all the parental sequences plus 
pMTIAor pMT1B in is entirety, including pUC19 sequences. 

Results from the Southern blot analysis indicate that recombination occurred by a double crossover event. 
First, if pUC1 9 sequences had been inserted into MDV by a single crossover event, it would have been expected 

45 that the 4.3 kb insert of pMD100 would hybridize to three fragments of sizes 4.6, 4.3, and 3.8 kb in the cases 
of GAIad, 2, and 3, and three fragments of sizes 6.9, 4.3, and 1.5 in the case of GAIac4. The fact that the 
pMD100-derived probe did not detect a 4.3 kb band provides evidence that pUC19 sequences were not re- 
combined into the MDV recombinants. Second, pBR322, which shares DNA sequences with pUC19, failed to 
hybridize to DNA from any of the recombinants, indicating that pUC19 sequences did not recombine into the 

so virus. 

Example 8 - Sequence of the Insertion-Site 

Insertion of lacZ into the Bglll site of the 4.3 kb EcoRI-BamHI subfragment of BamHI-A indicated that this 
55 site is non-essential for virus replication in cell culture. Sequencing data from both directions surrounding the 
relevant Bglll site was undertaken to identify any genes that might have been disrupted, as seen in Fig. 2. 
Insertion into the Bglll site would have disrupted a leftward open reading frame 810 base pairs long and a 
rightward open reading frame 462 base pairs long. 
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Example 9 - Growth Curves on Parental and Recombinant MDV Isolates 

Primary CEF were prepared and plated in 75 cm 2 flasks. Primary cultures were harvested and replated 
5 as secondary cultures on days 0, 1 , 2, 4, and 6, as needed. On day 0, twelve 60 mm dishes of secondary CEF 
were inoculated with approximately 300 PFU of the parental MDV strain and twelve dishes were inoculated 
with approximately 300 PFU of the GAIad recombinant. Plaques present on two of the dishes for each strain 
were counted six days after inoculation to determine the actual number of PFU plated. On days 0, 1 , 2, 4, and 
6, duplicate inoculation dishes were harvested and virus present was titered onto freshly prepared secondary 
10 CEF. Six days after titering, plaques were counted and the number of PFU present on the original inoculation 
dishes determined. 

Over a six day period, there was no detectable difference in the growth properties of the two strains in 
secondary CEF at either 37°C or 41 °C, as seen in Figures 7 and 8. Both strains did grow faster at 41 °C than 
at 37°C; however, the final yield of virus obtained per dish was the same at both temperatures. 

15 

Example 10 - In Vivo Analysis of Parental and Recombinant MDV Isolates. 

Day-old specific-pathogen free, single comb white leghorn chickens were wing-banded and inoculated in- 
traabdominally with cells infected with the parental MDV strain, cells infected with the GAIad recombinant, 

20 or uninfected cells. One week post inoculation (PI), plasma samples from each bird were obtained. Spleen cells 
were isolated from each group, counted, and equivalent numbers of viable cells (5 x 10 7 and 5 x 10 6 ) were co- 
cultivated onto freshly prepared CEF. Lymphocytes were purified by centrifugation through "Histopaque 1077" 
(Sigma Chemical Co., St. Louis, MO), counted, and equivalent numbers of viable cells (1 x 10 7 and 1 x 10 6 ) 
were cocultivated onto freshly prepared CEF. Six days later, plaques on the cocultivation dishes were counted. 

25 The results of these titrations are shown in Table 2 for spleen cells and in Table 3 for lymphocytes. 


TABLE 2. virus reisolations from spleens 


I Strain 

Dose 
(PFU) 

plaques obtained 
(| of cells plated) 

5 x 10 7 5 X 10 6 

Ave^aqe 
plaques obtained 
(# of cells plated) 

5 x 10 7 5 x 10 6 

Parent 

216 
390 
682 

54, 60 12, 19 
17, 18 2, 5 
4, 3 1, 0 

57 16 
18 4 
4 1 

GAlac 

526 
914 
1554 

30, 20 1, 6 
32, 47 6, 2 
62, 68 4, 7 

25 4 1 
40 4 

65 5 



0, 0 0, 0 

0 0 | 


50 


55 
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table 3. virus reisolations from lymphocytes 


5 


DOSG 




ftveiraqe 




PI acmes 

obtained 


Dlaaues 

obtained 



(# of cells plated) 


(# of cells plated) 




1 x 10 7 

1 x 10 6 

1 X 10 7 

1 X 10 6 


Parent 

216 

9, 9 

1, 

1 

9 

1 



390 

9, 4 


0 

7 

0 



682 

1, 4 

1, 

0 

3 

1 


GAlac 

526 

19, 35 

2, 

7 

27 

5 

15 


914 

79, 93 

9, 

16 

86 

13 



1554 

128, 142 

11, 

18 

135 

15 




0, 0 

0, 

0 

0 

0 


20 


These results show that recombinant MDV containing a p-galactosidase gene inserted into the Bglll site 
of the 4.3 kb EcoRI-BamHI subfragment of Bam HI -A can be reisolated from spleen cells and can induce viremia 
in chickens in a manner similar to the parent MDV strain. Some of the titration dishes were stained for p-ga- 

25 lactosidase activity using Bluogal as the substrate to assess the stability of the GAlac recombinant after it had 
been passed through chickens. Of 473 plaques stained from the GAlac titrations, alt were positive for p-galao 
tosidase activity. At 3 and 6 weeks PI, plasma samples were again obtained, and lymphocytes were purified 
and assayed for the presence of MDV to assess the duration of viremia for each strain. Both viruses persisted 
in lymphocytes for at least six weeks PI, although the viremias decreased significantly by the 3-week obser- 

30 vation point Antibody responses to MDV were assayed on all individual plasma samples from weeks 1, 3, and 
6 PI by an indirect immunofluorescence assay. An anti-MDV antibody response was observed in all groups 
injected with either the parent virus or the GAlac recombinant The antibody response appeared at the 3-week 
sampling time and increased in strength at the 6-week sampling time. 

From these experiments, it can be concluded that the Bglll site lying within the 4.3 kb EcoRI-BamHI sub- 

35 fragment of BamHI-A can be used for stable integration of foreign sequences without significant effect on es- 
sential MDV functions required for infection and replication. Furthermore, it can be concluded that the ability 
of the virus to elicit an anthMDV immune response is not impaired by integration of foreign sequences into the 
insertion site. 

40 

Claims 

Claims for the following Contracting States : BE, CH, DE, FR, GB, IT, Ll ( NL, SE 

45 1. A nucleic acid sequence of the DNA genome of Mareks disease virus serotype 1 ("MDV-1 comprising 
an open reading frame in the terminal 4.3 kb EcoRI-BamHI subfragment of BamHI-A in the unique short 
region of the genome, having a restriction enzyme site map essentially as illustrated by figure 1. 

2. A nucleic acid region according to claim 1 comprising the DNA sequence from nucleotide position 238 to 
so 1050 as illustrated in figure 2. 

3. A nucleic acid region according to claim 2 wherein said region comprises an insertion site containing the 
recognition sequence for the Bglll restriction enzyme. 

55 4. A plasmid comprising the nucleic acid sequence according to claim 1 . 

5. A plasmid according to claim 4, wherein the plasmid is pMD100, as depicted in figure 3. 

6. A plasmid according to claim 4, wherein a foreign gene derived from poultry disease causing agent is in- 
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serted into said insertion region. 

7. A plasmid according to claim 6, wherein said foreign gene is selected from the group consisting essentially 
of Marek's Disease Virus, Infectious Bronchitis Virus, Newcastle Disease Virus, Infectious Bursal Disease 
Virus, Chicken Anemia Agent, Reovirus, Avian Retrovirus, Fowl Adenovirus, Turkey Rhinotracheitis, In- 
fectious Laryngotracheitis Virus, Eimeria, Salmonella, E. Coli and Mycoplasma gallisepticum, wherein 
said foreign gene is under control of a promoter capable of driving expression of said sequence. 

8. A plasmid according to claim 6, wherein said foreign gene is under control of a promoter capable of driving 
expression of said sequence. 

9. A plasmid according to claim 8, wherein the said promoter is SV40 early promoter. 

10. A host cell comprising a plasmid according to claim 4. 

11. A recombinant MDV-1 comprising the genomic DNA of MDV-1 and at least one foreign gene derived from 
a poultry disease causing agent, wherein said foreign gene is inserted into said genomic DNA in the in- 
sertion region according to claim 1. 

20 12, Arecombinant MDV-1 according to claim 11 comprising a promoterforthe insertion region, which promoter 
is functional in a host cell for expressing said foreign gene. 

13. A recombinant MDV-1 according to claim 11 , wherein said foreign gene is incorporated in the Bglll restric- 
tion site of the 4.3 kb EcoRI-BamHI subfragment of BamHI-A. 


15 


25 


30 


14. A recombinant MDV-1 according to claim 12, wherein at least one polypeptide encoded by said foreign 
gene and at least one polypeptide encoded by said genomic DNA of the MDV-1 is expressed. 

15. Method for the production of a poultry vaccine, comprising: culturing the recombinant MDV-1 vector ac- 
cording to claim 12, expressing the vector in a suitable host cell, harvesting the expressed polypeptide 
and mixing the polypeptide with a physiologically acceptable carrier. 

16. A vaccine comprising a recombinant MDV-1 according to claim 12. 


Claims for the following Contracting States : GR, ES 

35 

1. Method for the preparation of a nucleic acid sequence of the DNA genome of Mareks Disease virus ser- 
otype 1 ("MDV-1 M ), comprising an open reading frame in the terminal 4.3 kb EcoR1-BamH1 subfragment 
of BamH1-A in the unique short region of the genome, having a restriction enzyme site map essentially 
as illustrated by figure 1, which method comprises inserting Mareks Disease virus serotype 1 genomic 

40 DNA fragments in a vector, and isolating said nucleic acid sequence from an appropriate clone. 

2. Method according to claim 1 , characterised in that the isolated nucleic acid sequence comprises the DNA 
sequence from nucleotide position 238 to 1050 as illustrated in figure 2. 

45 3. Method according to claim 2, characterised in that said nucleic acid region comprises an insertion site 
containing the recognition sequence for the Bglll restriction enzyme. 

4. Method for the construction of a recombinant plasmid comprising the nucleic acid sequence defined in 
claim 1, characterised in that the method comprises cloning said nucleic acid sequence into a plasmid. 

so 

5. Method according to claim 4, characterised in that the constructed plasmid is pMD100, as depicted in 
figure 3. 

6. Method according to claim 4, characterised in that a foreign gene derived from a poultry disease causing 
agent is inserted into said nucleic acid sequence. 

55 

7. Method according to claim 6, characterised in that the poultry disease causing agent is selected from the 
group consisting of Mareks Disease virus, Infectious Bronchitis virus, Newcastle Disease virus, Infectious 
Bursal Disease virus, Chicken Anemia Agent, Reovirus, Avian Retrovirus, Fowl Adenovirus, Turkey Rhi- 
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notracheitis virus, Infectious Laringotracheitis virus, Eimeria, Salmonella, E. coli, and Mycoplasma galli- 
septicum, wherein said foreign gene is under control of a promoter capable of driving expression of said 
sequence. 

5 

8. Method according to claim 6, said method comprising bringing said foreign gene under the control of a 
promoter sequence capable of driving expression of said nucleic acid sequence. 

9. Method according to claim 8, characterised in that said promoter is the SV40 early promoter. 

10 

10. Met hod for the preparation of a host cell, capable of maintaining Mareks Disease nucleic acid sequences, 
characterised in that the plasmid constructed according to the method of claim 4 is brought into the host 
cell. 

11. Method for the construction of a recombinant MDV-1 comprising the genomic DNA of MDV-1 and at least 
15 one foreign gene derived from a poultry disease causing agent, characterised in that the recombinant 

MDV-1 is constructed by inserting said foreign gene into said genomic DNA in the nucleic acid sequence 
defined in claim 1 . 

12. Method for the construction of a recombinant MDV-1 according to claim 11, characterised in that a pro- 
20 motor is cloned, that is capable of expressing said foreign gene in a host cell. 

13. Method for the construction of a recombinant MDV-1 according to claim 11, characterised in that said 
method comprises incorporating said foreign gene into the Bglll restriction site of the 4.3 kb EcoR1- 
BamH1 subfragment of BamHI-A. 

25 

14. Method for the production of a poultry vaccine comprising a recombinant MDV-1 vector constructed ac- 
cording to claim 12, characterised in that the method comprises mixing said MDV-1 with a physiologically 
acceptable carrier. 

30 15. Method for the production of a poultry vaccine, comprising : 

cutturing the recombinant MDV-1 vector constructed according to the method of claim 12, expressing the 
vector in a suitable host cell, harvesting the expressed polypeptide and mixing the polypeptide with a 
physiologically acceptable carrier. 


35 

Patentanspruche 

Patontanspruche fur folgende Vertragsstaaten : BE, CH, DE, FR, GB, IT, LI, NL, SE 

40 1. Eine Nukleinsaurensequenz des DNA-Genoms des Virus der Marek'schen Krankheit vom Serotyp 1 
( n MDV-1"), die einen offenen Leserahmen in dem terminalen 4,3 kB EcoRI-BamHI-Subfragment von 
BamHI-A in der einzigen kurzen Region des Genoms enthalt, welche eine, im wesentlichen wie in Figur 
1 dargestellte Restriktionsenzymstellenkarte besitzt. 

2. Eine Nukleinsaurenregion gemass Anspruch 1, die DNA-Sequenz von Nukleotidposition 238 bis 1050, 
wie in Figur 2 dargestellt, enthaltend. 

3. Eine Nukleinsaurenregion gemass Anspruch 2, in der die besagte Region eine Insertionsstelle umfasst, 
die die Erkennungssequenz des Bglll-Restriktionsenzyms enthalt. 

50 4. Ein Plasmid, die Nukleinsaurensequenz gemass Anspruch 1 enthaltend. 

5. Ein Plasmid gemass Anspruch 4, worin das Plasmid das in Figur 3 dargestellte pMD100 ist. 

6. Ein Plasmid gemSss Anspruch 4, worin ein Fremdgen, das von einem eine Geflugelkrankheit verursa- 
55 chenden Agens stammt, in die besagte Insertionsregion inseriert ist. 

7. Ein Plasmid gemass Anspruch 6, worin das besagte Fremdgen aus der Gruppe, die im wesentlichen aus 
dem Virus der Marek'schen Krankheit, dem infektidsen Bronchitis-Virus, dem Virus der Newcastle Krank- 
heit, dem infektidsen Virus der bursalen Krankheit, dem Huhneranamieagens, dem Reovirus, dem aviaren 
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Retrovirus, dem Geflugeladenovirus, dem Truthuhner-Rhinotracheitis-Virus, dem infektiosen 
Laryngotracheitis-Virus, Eimeria, Salmonella, E. coli und Mycoplasma gallisepticum besteht, ausgewahlt 
ist, worin das besagte Fremdgen unter der Kontrolle eines Promotors steht, der in der Lage ist, die Ex- 
pression der besagten Sequenz zu lenken. 

8. Ein plasmid gemass Anspruch 6, in dem das besagte Fremdgen unter der Kontrolle eines Promotors steht, 
der in der Lage ist, die Expression der besagten Sequenz zu lenken. 

9. Ein Plasmid gemass Anspruch 8, worin der besagte Promotor der fruhe SV40 Promoter ist. 

10. Eine Wirtszelle, ein Plasmid gemass Anspruch 4 enthaltend. 


11. Ein rekonbinantes MDV-1, das die genomische DNAdes MDV-1 und mindestens ein Fremdgen enthalt, 
das von einem eine Gef lugelkrankheit verursachenden Agens stammt, worin besagtes Fremdgen in die 

15 besagte genomische DNAder Insertionsregion gemass Anspruch 1 inseriert ist. 

12. Ein rekombinantes MDV-1 gemass Anspruch 11 , das einen Promotor fur die Insertionsregion enthalt, wel- 
cher Promotor in einer Wirtszelle eine Funktion fur die Expression des besagten Fremdgens hat. 

20 13. Ein rekombinantes MDV-1 gemass Anspruch 11 , worin besagtes Fremdgen in die Bglll-Restriktionsstelle 
des 4,3 kB Subfragmentes von BamHI-Aeingefugt ist 

14. Ein rekombinanter MDV-1 gemass Anspruch 12, worin mindestens ein Polypeptid, das von besagtem 
Fremdgen kodiert wind und mindestens ein Polypeptid, das von besagter genomischer DNA des MDV-1 

25 kodiert wird, exprimiert werden. 

15. Verfahren zur Herstellung eines Geflugelimpfstoffes, umfassend: Zuchten des rekombinanten MDV-1 
Vektors gemass Anspruch 12, Expression des Vektors in einer geeigneten Wirtszelle, Ernte der 
exprimierten Polypeptide und Mischen des Polypeptids mit einem physiologisch annehmbaren Trager. 


30 


16. Ein Impfstoff, der einen rekombinanten MDV-1 gemass Anspruch 12 enthalt. 


Patentanspruche fur folgende Vertragsstaaten : GR, ES 

1. Verfahren zur Herstellung einer Nukleinsaurensequenz des DNA-Genoms des Virus der Marek'schen 
Krankheit vom Serotyp 1 ( W MDV-1), die einen offenen Leserahmen in dem terminalen 4,3 kB EcoRI- 
BamHI-Subfragment in der einzigen kurzen Region enthalt, welche eine Restriktionsenzymstellenkarte, 
tm wesentlichen wie in Figur 1 dargestellt, aufweist, welches Verfahren die Insertion eines genomischen 
DNA-Fragmentes des Virus der Marek'schen Krankheit vom Serotyp 1 in einen Vektor und die Isolierung 
der besagten Nukleinsauresequenz aus einem entsprechenden Klon umfasst. 

40 

2. Verfahren gemass Anspruch 1, dadurch gekennzeichnet, dass die isolierte Nukleisaurensequenz die 
DNA-Sequenz der NukJeotidpositionen 238 bis 1050, wie in Figur 2 dargestellt, umfasst. 

3. Verfahren gemass Anspruch 2, dadurch gekennzeichnet, dass die NuWeinsaurensequenzregion eine In- 
45 sertionsstelle umfasst, die die Erkennungssequenz des Restriktionsenzyms Bglll enthalt. 

4. Verfahren zur Herstellung eines, die gemass Anpruch 1 def inierte Nukleinsaurensequenz enthaltenden, 
rekombinanten Plasmids, dadurch gekennzeichnet, dass das Verfahren die Klonierung besagter Nukle- 
insauresequenz in ein Plasmid umfasst. 

so 

5. Verfahren gemass Anspruch 4, dadurch gekennzeichnet, dass das hergestellte Plasmid das in Figur 5 
dargestellte pMD100 ist. 

6. Verfahren gemass Anspruch 4, dadurch gekennzeichnet, dass ein von einem eine Gef lugelkrankheit ver- 
55 ursachenden Agens stammendes Fremdgen in besagte Nukleinsaurensequenz inseriert wird. 

7. Verfahren gemass Anspruch 6, dadurch gekennzeichnet dass das die Gef lugelkrankheit verursachende 
Agens aus der Gruppe bestehend aus dem Virus der Marek'schen Krankheit, dem infektiosen Bronchitis- 
Virus, dem Virus der Newcastle Krankheit, dem infektiSsen Virus der bursalen Krankheit, dem 
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Huhneranamieagens, dem Reovirus, dem aviaren Retrovirus, dem Gef lugeladenovirus, dem Truthuhner- 
Rhinotracheitis-Virus, dem infektiosen Laryngotracheitis-Virus, Eimeria, Salmonella, E. coli und 
Mycoplasma gallisepticum ausgewahlt wird, worin das besagte Fremdgen unter der Kontrolle eines Pro- 
motors steht, der fahig ist ( die Expression der besagten Sequenz zu lenken. 

8. Verfahren gemass Anspruch 6, worin das besagte Verfahren die Plazierung des Fremdgens unter die 
Kontrolle einer Promotorsequenz umfasst, die fahig ist, die Expression der besagten Nukleinsaurense- 
quenz zu lenken. 

9. Verfahren gemass Anspruch 8, dadurch gekennzeichnet, dass der Promotor der fruhe SV40 Promoter ist. 

10. Verfahren zur Herstellung einer Wirtszelle, die fahig ist, die Nukleinsaurensequenzen des Virus der 
Marek'schen Krankheit zu erhalten, dadurch gekennzeichnet, dass das gemass dem Verfahren des An- 
spruchs 4 hergestellte Plasmid in die Wirtszelle eingebracht wird. 

11. Verfahren zur Herstellung eines rekombinanten MDV-1, die genomische DNAdes MDV-1 und mindestens 
ein Fremdgen, das von einem eine Geflugelkrankheit verursachenden Agens stammt, umfassend, da- 
durch gekennzeichnet, dass die rekombinante MDV-1 durch Insertion des Fremdgens in die genomische 
DNA der in Anspruch 1 definierten Nukleinsaurensequenz hergestellt wird. 

12. Verfahren zur Herstellung eines rekombinanten MDV-1 gem§ss Anspruch 11, dadurch gekennzeichnet, 
dass ein Promotor kloniert wird, der fahig ist, das besagte Fremdgen in einer Wirtszelle zu exprimieren. 

13. Verfahren zur Herstellung eines rekombinanten MDV-1 gemass Anspruch 11, dadurch gekennzeichnet, 
dass das Verfahren die Einfugung des Fremdgens in die Bglll-Restriktionsstelle des 4,3 kB EcoRI-BamHI- 
Subfragment des BamHI-A umfasst. 

14. Verfahren zur Herstellung eines Geflugel- impfstoffes, einen rekombinanten MDV-1-Vektor, der gemass 
Anspruch 12 hergestellt wurde, umfassend, dadurch gekennzeichnet, dass das Verfahren das Mischen 
des MDV-1 mit einem physiologisch anehmbaren Trager umfasst 

15. Verfahren zur Herstellung eines Geflugelimpfstoffes, umfassend: 

Zuchten des rekombinanten MDV-1-Vektors, der gemass dem Verfahren des Anspruchs 12 hergestellt 
wurde, Expression des Vektors in einer geeigneten Wirtszelle, Ernten der exprimierten Polypeptide und 
Mischen des Polypeptids mit einem physiologisch annehmbaren Trager. 


Revendications 

Revendlcatlons pour les Etats contractants suivants : BE, CH, DE, FR, GB, IT, LI, NL, SE 

1. Une sequence d'acides nucieiques de I'ADN genomique du virus de la maladie de Marek serotype 1 
( n MDV-1") comprenant un phase de lecture ouverte dans le sous-fragment terminal EcoRI-BamHI de 4,3 
kb terminal de BamHI-A dans la region courte unique du genome, dont la carte restriction correspond 
essentiellement a celle qui est illustr6e par la figure 1 . 

2. Une region nucl6otidique selon la revendication 1, comprenant la sequence d'ADN allant du nucleotide 
238 au nucleotide 1050, telle que decrite dans la figure 2. 

3. Une region nucieotidique selon la revendication 2, caract6ris6 en ce que cette region comprend un site 
d'insertion contenant la sequence de reconnaissance pour ('enzyme de restriction Bglll. 

4. Un plasmide comprenant la sequence nucieotidique selon la revendication 1. 

5. Un plasmide selon la revendication 4, caracterise en ce que le plasmide est le pMD100, tel que decrit dans 
la figure 3. 

6. Un plasmide selon la revendication 4, caracterise en ce qu'un gene etranger provenant d'un agent res- 
ponsable d'une maladie des volailles est insere dans cette region d'insertion. 
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7. Un plasmide selon la revendication 6, caracterise en ce que ce gdne stranger est choisi dans le groupe 
comprenant essentiellement: virus de maladie de Marek, virus de la bronchite infectieuse, virus de la ma- 
ladie de Newcastle, virus de la maladie infectieuse des bourses, agent responsable de I'an6mie du poulet, 

5 r6ovirus, retrovirus aviaire, adenovirus du gibier, rhinotracheitis du dindon, virus de laryngotracheitis in- 

fectieuse, eim6ria, salmonella, E. Coli et Mycoplasma gallispeticum, ce g6ne stranger etant sous le contrd- 
le d'un promoteur capable d'entratner I'expression de cette sequence, 

8. Un plasmide selon la revendication 6, caracterise en ce que ce g6ne Stranger est sous le contrdle d'un 
10 promoteur capable d'entratner I'expression de cette sequence. 

9. Un plasmide selon la revendication 8, caracterise en ce que ce promoteur est le promoteur precoce SV40. 

10. Une cellule hdte comprenant un plasmide selon la revendication 4. 

15 11. Un MDV-1 recombinant comprenant I'ADN genomique du MDV-1 et au moins un gene Stranger provenant 
d'un agent responsable d'une maladie des volailles, caracterise en ce que ce gene etranger est insure 
dans cet ADN genomique dans la region d'insertion selon la revendication 1. 

12. Un MDV-1 recombinant selon la revendication 11, comprenant un promoteur pour la region d'insertion, 
20 ce promoteur etant fonctionnel dans une cellule hdte pour exprimer ce gene etranger. 

13. Un MDV-1 recombinant selon la revendication 11, caracterise en ce que ce gene etranger est incorpore 
dans le site de restriction Bglll du sous-fragment EcoRI-BamHI de 4,3 kb de BamHI-A. 

25 14. Un MDV-1 recombinant selon la revendication 12, caracterise par I'expression d'au moins un polypeptide 
code par ce gene etranger et au moins un polypeptide encode par cet ADN genomique de MDV-1 . 

15. Precede de production d'un vaccin pour les volailles comprenant les etapes suivantes: 

- on cultive le vecteur MDV-1 recombinant selon la revendication 12, 
30 - on exprime le vecteur dans une cellule hdte convenable, 

- on recolte le polypeptide exprime, et 

- on melange le polypeptide avec un support physiologiquement acceptable. 
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16. Un vaccin comprenant un MDV-1 recombinant selon la revendication 12. 
Revendications pour les Etats contractants suivants : ES, GR 

1. Precede de preparation d'une sequence d'acide nucieique, de I'ADN genomique du virus de la maladie 
de Marek serotype 1 ("MDV-1") comprenant un phase de lecture ouverte dans le sous-fragment terminal 
EcoRI-BamHI de 4,3 kb terminal de BamHI-A dans la region courte unique du genome, dont la carte res- 
triction correspond essentiellement a celle qui est illustree par la figure 1, ce precede consistant a inserer 
des fragments d'ADN genomique du virus de la maladie de Marek serotype 1 dans un vecteur et a isoler 
cette sequence d'acides nucfeiques a partir d'un clone approprie. 

2. Precede selon la revendication 1, caracterise en ce que la sequence d'acide nucieique isoie comprend 
la sequence d'ADN allant du nucleotide 238 au nucleotide 1050, telle que decrite dans la figure 2. 

3. Precede selon la revendication 2, caracterise en ce que cette region comprend un site d'insertion cove- 
nant la sequence de reconnaissance pour I'enzyme de restriction Bglll. 

so 4. Precede de construction d'un plasmide recombinant comprenant la sequence nucieotidique d£f inie dans 
la revendication 1 , caracterise en ce que le precede consiste a doner cette sequence d'acide nucieotidique 
dans un plasmide. 

5. Precede selon la revendication 4, caracterise en ce que le plasmide construit est le pMD100, tel que decrit 
55 dans la figure 3. 

6. Precede selon la revendication 4, caracterise en ce qu'un gdne etranger provenant d'un agent responsable 
d'une maladie des volailles est ins6r6 dans cette sequence nucieotidique. 
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7. Precede selon la revendication 6, caracterise en ce que cet agent responsable d'une maladie des volailles 
est choisi dans le groupe constitue par: virus de maladie de Marek, virus de la bronchite infectieuse, virus 
de la maladie de Newcastle, virus de la maladie infectieuse des bourses, agent responsable de I'anemie 

5 du poulet, reovirus, retrovirus aviaire, adenovirus du gibier, rhinotracheitis du dindon, virus de laryngo- 

tracheitis infectieuse, eim6ria, salmonella, E. Coli et Mycoplasma gallispeticum, ce gene stranger etant 
sous le contrdle d'un promoteur capable d'entratner I'expression de cette sequence. 

8. Procede selon la revendication 6, caracterise en ce qu'il consiste a placer ce gene Stranger sous le contrd- 
10 le d'un promoteur capable d'entratner ('expression de cette sequence d'acide nucleotidique. 

9. Procede selon la revendication 8, caracterise en ce que ce promoteur est le promoteur pr6coce de S V40. 

1 0. Proc6d6 de preparation d'une cellule hdte capable de conserver les sequences d'acide nucleotidique de 
1S la maladie de Marek, caracterise en ce que le plasmide construit selon le procede de la revendication 4 

est introduit dans la cellule hdte. 

11. Proc6d6 de construction d'un MDV-1 recombinant comprenant I'ADN g6nomique du MDV-1 et au moins 
un gene etranger provenant d'un agent responsable d'une maladie des volailles, caracterise en ce que 
le MDV-1 recombinant est construit par insertion de ce gene etranger dans cet ADN genomique dans la 

20 sequence d'acide nucleotidique definie dans la revendication 1. 

12. Procede de construction d'un MDV-1 recombinant selon la revendication 11, caracterise en ce que Ton a 
clone un promoteur capable d'exprimer ce gene etranger dans les cellules hdtes. 

25 13. Procede de construction d'un MDV-1 recombinant selon la revendication 11 , caracterise en ce qu'il consis- 
te a introduce ce gene etranger dans le site de restriction Bglll du sous-fragment EcoRI-BamHI de 4,3 kb 
de BamHI-A. 

Procede de la preparation d'un vaccin pour les volailles comprenant un vecteur de MDV-1 recombinant 
construit selon la revendication 12, caracterise en ce que Ton melange ce MDV-1 avec un support phy- 
siologiquement acceptable. 

Procede de preparation d'un vaccin pour les volailles comprenant les etapes suivantes: 

- on met en culture le vecteur MDV-1 recombinant construit par le procede selon la revendication 12, 

- on exprime le vecteur dans une cellule hdte convenable, 

- on recolte le polypeptide exprime, et 

- on melange le polypeptide avec un support physiologiquement acceptable. 
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Figure 1 . Restriction map of the open reading frame found in the terminal 4.3 kb 
EcoRI-BamHI subfragment of BamHI-A in the unique short region of the DNA 
genome of Marek's disease virus serotype 1. Numbers indicate nucleotide positions 
corresponding to the sequence shown in Figure 2. 

Abbreviations used: ORF - open reading frame; B - BamHI; E • EcoRI; 

TR-I - unique long region terminal repeat; IR-I • unique long region inverted repeat; 

TR-s • unique short region terminal repeat; IR-s - unique short region Inverted repeat. 


19 


EP 0 473 210 B1 


Figure 2. D. * sequence of the Marek's dist ie virus serotype 1 
insertion-region. 
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Figure 3. Plasmid pMD100 containing the. terminal 4.3 kb EcoRI-BamHI 
subfragment of BamHI-A cloned into the plasmid vector pUC19. The 
4.3 kb EcoRI-BamHI subfragment of BamHI-A contains a unique Bglll site. 
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Figure 4. Diagram of the cassette containing the lacZ gene, which 
encodes B-galactosidase, expressed from the SV40 early promoter. 
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Figure 5. Piasmids pMT1A and pMT1B containing the lacZ gene 
expressed from the SV40 early promoter inserted into the Bglll 
site lying within the 4.3 kb EcoRI-BamHI subfragment of BamHI-A. 
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Fijjure 6. Southern blot analysis of the DNA from GA parent 
and GAiac recombinant Marek's disease virus-1 Isolates. 
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Figure 7. Growth curves of parental (GA parent) and recombinant 
(GAIad) isolates at 37%. 
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Figure 8. Growth curves of parental (GA parent) and recombinant 
(GAIad) isolates at 41 °C. 
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